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A Mn–Zn ferrite with a grain size of about 2 mm has been developed for the transformer driven at
around 1 MHz. The developed ferrite exhibits considerably lower core losses than a conventional
Mn–Zn ferrite with a grain size of about 10 mm at a frequency of 0.5 to 2 MHz. The thin-type
transformer using the developed ferrite driven at 1 MHz shows a high efficiency of more than 95%
at an output power of 10 to 17 W and a much lower surface temperature rise than the transformer
using the conventional ferrite. © 1998 American Institute of Physics. @S0021-8979~98!42211-4#I. INTRODUCTION
Low-profile transformers are necessary to miniaturize
the power supplies because the transformers are one of the
largest components of a power converter. Miniaturization of
the transformers has been investigated in high frequency
driving up to the MHz range. Therefore, the core materials
used in the low profile transformer are desired to have low
core losses at the MHz range. Thus, we have developed a
fine grained Mn–Zn ferrite1,2 for high frequency driving at
the MHz range. Moreover the low-profile transformer should
have the structure, in which uniform flux density in the core
and current density in the conductor are achieved, to reduce
the core and copper loss. A conductor-embedded-type trans-
former has been suggested to meet the needs of the trans-
former design.3,4 In this article, we report on the performance
of the fine grained Mn–Zn ferrite and a thin-type transformer
with the conductor-embedded-type structure using the devel-
oped ferrite.
II. EXPERIMENT
Mn–Zn ferrite with a fine grain was prepared by a con-
ventional powder metallurgical process. The raw materials
are hydrothermally precipitated ferrite powder and additives,
0.01 wt %SiO2, 0.021 wt %CaCO3, 0.038 wt %Ta2O5, and
0.034 wt %TiO2. The composition and the particle size of
the hydrothermal ferrite powder are Fe2.08Mn0.73Zn0.19O4 and
about 0.13 mm, respectively. The hydrothermal ferrite pow-
der and the additives were uniformly mixed with a planetary
ball mill and calcined at 1173 K in pure nitrogen. The cal-
cined powder was then pressed into a disk shape and sintered
at 1348 K for 4 h in the reduced atmosphere of about 30 Pa.
Core losses of the developed ferrite were compared with
those of a conventional Mn–Zn ferrite, which is widely used
as a core material for the driving frequency at less than 500
kHz. The core losses were measured on the condition of
Bm3 f 525 000 @T3Hz# at a frequency from 100 kHz to 2
MHz and Bm515 to 75 mT at 1 MHz, where Bm is a peak
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Dimensions of the samples are an outer diameter of 8 mm,
an inner diameter of 4 mm, and a thickness of 2 mm. The
conductor-embedded-type transformers3 were constructed
using the developed ferrite and the conventional ferrite. A
ratio of the primary and secondary windings is 2:1. These
windings were made of a copper foil and separated by a
polyimido insulator. Efficiency and a temperature rise of the
transformers were measured on a condition of an input volt-
age of 30 V under a sinusoidal wave at 1 MHz varying the
current by changing the load resistance.
III. RESULTS AND DISCUSSION
A. Core loss of fine grained Mn–Zn ferrite
Figure 1 shows the microstructures of the developed fine
grained Mn–Zn ferrite and the conventional Mn–Zn ferrite.
The grain size of the developed ferrite is about 2 mm, which
is much smaller than the 10 mm of the conventional ferrite.
Figure 2 shows the frequency dependence of the core losses
(Pcv) for the developed ferrite and the conventional ferrite.
The developed ferrite exhibits low Pcv compared with the
conventional ferrite at a frequency range from 0.5 to 2 MHz.
Especially at 1 MHz, Pcv of the fine grained ferrite is about
25% that of the conventional ferrite. Table I shows compu-
tatively separated loss components of Pcv ,5 which are the
eddy current loss (Pe), the equivalent dielectric loss (Pd)
FIG. 1. Microstructures of the fine grained ferrite and the conventional
ferrite.1 © 1998 American Institute of Physics
 AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp
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the residual loss (Pr), for the developed ferrite and the con-
ventional ferrite at 1 MHz. Pr of each ferrite occupies a large
part of the Pcv , the ratio of Pr on Pcv in the developed ferrite
and the conventional ferrites are 54% and 87%, respectively.
Pr of the developed ferrite is about 85% lower than that of
the conventional ferrite. Pcv of the developed ferrite, there-
fore, is lower than that of the conventional one. It has been
reported that the core losses of ferrites in the MHz range are
reduced with a decreasing of the grain size.6–9 Although not
understood sufficiently, the cause of this effect is supposed
that any magnetic resonance would be suppressed. For ex-
ample, the suppression of natural resonance can be consid-
ered. It is known that the domain of ferrites is subdivided
with a decreasing of the grain size.10 With the decrease of the
domain size, the number of domain walls per volume in-
crease; therefore, the amplitude of vibration in each domain
wall is reduced in the same Bm . In other words, the switch-
ing frequency of the spin inside the domain wall ( f s) is
reduced. The low Pr of the developed ferrite is presumably
caused by the suppression of the natural resonance for the
spin inside the domain wall11 at 1 MHz owing to low f s .
In power supplies the input capacity (P in) is an elemen-
tal property. P in is expressed by the following equation:12
P in54.443 f 3Bm3N3I3Ace , @W# , ~1!
where f is switching frequency, Bm is maximum flux den-
sity, N is turn number of windings, I is input current, and Ace
is effective core cross sectional area. It is clear from the Eq.
~1! that P in is determined by f 3Bm and allowable f 3Bm is
limited by the core losses. Figure 3 shows the core losses as
a function of Bm for the developed ferrite and the conven-
FIG. 2. Core losses as a function of frequency for the fine grained ferrite
and the conventional ferrite.
TABLE I. Each loss component at a frequency of 1 MHz, Bm of 25 mT for
the developed ferrite and the conventional ferrite.
Sample Pcv Pe Pd Ph Pr
Developed ferrite 54.8 1.2 0.1 24.0 29.5
Conventional ferrite 218 0.2 0.5 26.3 191
unit: kW/m3Downloaded 25 Mar 2010 to 130.34.135.83. Redistribution subject totional ferrite at 1 MHz. At the same level of the core loss, Bm
of the developed ferrite is larger than that of the conventional
ferrite. For instance, Bm of the developed ferrite is about 1.6
times larger than that of the conventional ferrite at
400 kW/m3. Therefore, the transformer using the developed
ferrite is expected to achieve a higher P in when compared
with the transformer using the conventional ferrite in the
same transformer configuration. In other words, it is possible
to miniaturize the transformer by using the developed ferrite
in the same P in because N or Ace can be reduced owing to
the large Bm .
B. Performance of conductor-embedded-type
transformer using fine grained ferrite
We made a conductor-embedded-type transformer3 us-
ing the developed ferrite and the conventional ferrite to con-
firm the performance of the developed ferrite as a thin-type
transformer for a high frequency converter. Figure 4 shows
the structure of the transformer. In the conductor-embedded-
type transformer, the primary and secondary coils were ar-
ranged in the ferrite core and the height of the transformer is
only 3 mm. Moreover, minimized flux leakage, uniform flux
density, and current density are achieved by having an en-
FIG. 3. Core losses as a function of Bm for the fine grained ferrite and the
conventional ferrite.
FIG. 4. Structure of conductor-embedded-type transformer. AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp
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output power (P), efficiency ~h!, and surface temperature
rise (DT) of the transformers as a function of the output
current (I). The transformers exhibit a high h of more than
95% at an output power of 10 to 17 W. High efficiencies are
presumably associated with the structural characteristics, as
mentioned above. DT of each transformer increases with in-
creasing I , because the copper losses its increase. The trans-
former using the developed ferrite shows a high h and a low
DT as compared with that of the conventional ferrite. A clear
difference between the two transformers can be seen in DT .
DT of the transformer using the developed ferrite is about
10 °C lower than that of the conventional ferrite irrespective
FIG. 5. Output power (P), efficiency ~h!, and surface temperature rise
(DT) on the conductor-embedded-type transformers as a function of output
current (I).Downloaded 25 Mar 2010 to 130.34.135.83. Redistribution subject toof I . The low DT is caused by the low core loss of the
developed ferrite at 1 MHz. For the safe operation of trans-
formers, DT is limited in the transformer design.13 In the
limited DT , the maximum power capacity of the transformer
using the developed ferrite is higher than that of the conven-
tional ferrite. For instance, at the same level of DT , 30 °C,
the power capacity of the transformer using the developed
ferrite is 40% larger than that of the conventional ferrite.
Therefore, the fine grained ferrite is expected to be useful as
the core material for the transformers driven at a high fre-
quency around 1 MHz and the conductor-embedded-type
transformer using the fine grained ferrite is effective in real-
izing the low profile and high-density switching converter.
IV. CONCLUSION
We have developed the fine grained Mn–Zn ferrite with
a grain size of 2 mm. The developed ferrite exhibited low
core losses as compared with the conventional Mn–Zn fer-
rite at a frequency range from 0.5 to 2 MHz. Therefore, at
the same level of core loss, it is possible for the developed
ferrite to drive in a high flux density at a high frequency. The
thin-type transformer, the conductor-embedded type, using
the developed ferrite shows high efficiencies and low surface
temperature rises at the driving frequency of 1 MHz when
compared with the transformer using the conventional fer-
rite. It is concluded that the fine grained Mn–Zn ferrite is
suitable for high frequency driving and effective in achieving
the transformers with a low profile and high power density.
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